X-ray powder diffraction of red kangaroo (Macropus rufus) dental emanel,
Discussion Table 1 lists the unit cell dimensions of enamel apatite from macaque monkey1111, hippopotamus [12] , sea cow [12] and human [13] [14] [15] [16] [17] for comparison.
The value for the a-axis length of the red kangaroo incisor enamel was largest among these values, whereas the value for the c-axis length was smallest.
There are many causes of enlargement and shrinkage of apatite unit cell dimensions. [19, 20] in the A-site are responsible for enlargement of the a-axis length, and substitution of Cl and/or CO3 in the A-site are responsible for shrinkage of the c-axis length. Thus, it seems easy to attribute the unusual unit cell dimensions of the red kangaroo incisor enamel to these chemical substitutions. However, simple calculation showed that if enlargement of the a-axis is due to a one-fourth Cl substitution, then the c-axis length should be 6.850 A, whereas it was in fact 6.877 A. Similarly, any other simple substitution would fail to explain the unusual unit cell dimensions of the red kangaroo incisor enamel. It is therefore more reasonable to consider that multi-component substitution occurs in red kangaroo incisor enamel. The chemical substitutions which caused the enlargement of the a-axis and shrinkage of the c-axis in red kangaroo incisor enamel were so marked that the respective values were some of the most extreme among those reported previously. When chemical substitution occurs, it would be accompanied by some crystal defects, including vacancy [13, 18] . Therefore, it was reasonable that the crystallite size of the enamel was markedly smaller than other reported values, and almost equal to that of dentin crystals. Table 1 Unit cell dimensions and crystallite sizes (D) for several animal tooth enamels. Table  2 Effects on lattice parameters of apatite
